Abstract Ethanol has been demonstrated to cause T cell apoptosis. In the present study, we evaluated the role of VDR and the renin angiotensin system (RAS) in oxidative stress-induced T cell apoptosis. Ethanol-treated human T cells displayed down regulation of vitamin D receptor (VDR) and the activation of the RAS in the form of enhanced T cell renin expression and angiotensin II (Ang II) production. The silencing of VDR with siRNA displayed the activation of the RAS, and activation of the VDR resulted in the down regulation of the RAS. It suggested that ethanol-induced T cell RAS activation was dependent on the VDR status. T cell ROS generation by ethanol was found to be dose dependent. Conversely, ethanol-induced ROS generation was inhibited if VDR was activated or Ang II was blocked by an angiotensin II type 1 (AT1) receptor blocker (Losartan). Furthermore, it was observed that ethanol not only induced double strand breaks in T cells but also attenuated DNA repair response, whereas, VDR activation inhibited ethanol-induced double strand breaks and also enhanced DNA repairs. Since free radical scavengers inhibited ethanol-induced DNA damage, it would indicate that ethanol-induced DNA damage was mediated through ROS generation. These findings indicated that ethanolinduced T cell apoptosis was mediated through ROS generation in response to ethanol-induced down regulation of VDR and associated activation of the RAS.
Alcoholics are prone to develop bacterial infections (Adams and Jordan 1984; MacGregor 1986; Young and MacGregor 1980) . In addition, the course of infection in alcoholics is more severe and often associated with increased morbidity and mortality (Young and MacGregor 1980; Capps and Coleman 1923) . Alcohol dependent patients displayed a decrease in peripheral CD4 + ve T cells, which recovered after alcohol with drawl (Young et al. 1979; Roselle et al. 1988; Pol et al. 1996; Laso et al. 1996; Gheorghiu et al. 2004 ; Kazbariene et al. 2006) . Chronic ethanol administration in animals also resulted in reduction of both peripheral and splenic CD4 + ve T cells (Helm et al. 1996; Chadha et al. 1991; Shellito and Olariu 1998; Peterson et al. 1998; Saad and Jerrells 1991; Jerrells et al. 1992; Padgett et al. 2000; Louria 1963 ). On account of these observations, it has been suggested that alcohol may be modulating the immune status both directly as well as through associated complications such as cirrhosis, malnutrition and neurological abnormalities (MacGregor 1986; Liu 1973 ).
Lymphocytes are the major components of the host defense system (Kumar et al. 2011) . Both quantitative and qualitative alterations of lymphocytes may contribute to decreased host resistance to infections. Lymphopenia has been reported in most alcoholic patients with leucopenia (Lindenbaum and Hargrove 1968; McFarland and Libre 1963) . Ethanol-induced T cell apoptosis might have contributed to lymphopenia to some extent (Kapasi et al. 2003) . Because apoptotic cells are functionally compromised, ethanol might have affected immune function directly in these patients.
Naive human T cells have been reported to display very low expression of vitamin D receptors (VDR) (von Essen et al. 2010) . However, T cells with activated T cell receptors (primed T cells as well as Jurkat T cells) exhibit moderate VDR expression (Irvin et al. 2000) . Vitamin D receptors (VDR) mediate most of the biologic effects of 1, 25(OH) 2 D 3 (active product of vitamin D]) (Christakos et al. 2007; White 2012) . 1, 25(OH) 2 D 3 stabilizes the VDR and inhibits its degradation (Costa and Feldman 1987) . Depending on its cross-linking with vitamin D, VDR shuttles constantly between the nucleus and cytoplasm. Since VDR has been shown to be a negative regulator of renin transcription and NF-kB signaling, its cellular status depicts indirectly the activity of the RAS (Li et al. 2002; Qi et al. 2002) .
Although oxidative stress has been demonstrated to play a role in T cell apoptosis, yet the role of ethanol-induced ROS generation in T cell apoptosis has not been studied to date. We hypothesized that ethanol-induced T cell RAS activation contributed to ethanol-induced ROS generation and associated apoptosis. In the present study, we have evaluated the involved mechanisms for T cell loss in ethanol milieu as well as attempted to develop strategies to prevent T cell loss. Ethanol-induced down regulation of VDR led to the activation of the RAS, generation of ROS, and apoptosis of T cells. On the other hand, treatment with a VDR agonist restored T cell expression of VDR, down regulated the RAS as well as ROS generation and thus preserved survival phenotype.
Methods and material
Human T cells T cells were isolated from the human blood obtained from healthy volunteers (New York Blood Bank, New York). In brief, peripheral blood mononuclear cells (PBMC) were harvested by the standard technique. T cells were isolated from PBMCs by passing through the T cell column (Invitrogen, Oslo, Norway). T cells were primed before their use (IL-2, 20 units/ml and PHA-P, 5.0 ug/ml). Since Jurkat cells (human T cell line, with intact T cell receptor, NIH AIDS Research and Reference Reagent Program, Bethesda, MD) are comparable to primed T cells and they constitutively express PLCgamma1 (Irvin et al. 2000) , we have used them in place of primary primed human T cells. In all experiments, medium was replaced with fresh ethanol, at 6 hourly intervals. TUNEL assay TUNEL assay was performed using Apoptosis Detection Tacs TdT Kit (R&D System, Minneapolis, MN) (Husain et al. 2009 ). Briefly, the cells were fixed in 3.7 % formaldehyde in 1 X PBS. The cells were permeablized in Cytonin solution for 15 min at room temperature and then quenched in 3 % H 2 O 2 in methanol for 5 min. The cells were washed and treated with TdT labeling buffer followed by PBS washing again. The cells were incubated in Streptavidin-HRP solution for 10 min followed by washing in PBS and incubation in DAB substrate solution for 10 min. The cells were rinsed with H 2 O and counterstained with nuclear fast Red. The cover slips were mounted on the slide using aqueous mounting media and observed under light microscope.
Annexin V-PE staining Control and experimental T cells were incubated in serumfree media (SFM) for 24 h. Subsequently, cells were harvested and stained with annexin V-PE and 7-AAD as described in the kit (Annexin V-PE apoptosis detection kit, BD Biosciences Pharmingen, San Diego, CA). The Cells were analyzed by flow cytometry using a FACS-Vantage flow cytometer (BD Biosciences). Apoptotic cells were identified by the presence of annexin V staining in the absence of 7-AAD staining, and necrotic cells were identified by the presence of 7-AAD staining (Salhan et al. 2012 ).
Immunofluorescence detection of oxidative stress In T cells
The trafficking of 2, 3, 4, and 5, 6-pentafluorodihydrotetramethyllrosamine (PF-HTMRos or Redox Sensor Red CC-1, Molecular Probes, Eugene, OR) was used to detect reactive oxygen intermediates in T cells (Liu 1973; Kumar et al. 2011) . Redox Sensor Red CC-1 is oxidized in the presence of O 2 -and H 2 O 2 . In brief, control and experimental T cells were loaded at 37°C for 20 min with Redox Sensor Red CC-1 (0.5 μM) and a mitochondria-specific dye, MitoTracker greenFM (100 nM; Molecular probes, Eugene, OR). Culture slides were washed and mounted with PBS buffer and visualized with Nikon fluorescence microscope (Nikon Eclipse E800) equipped with triple filter cube and charge-coupled device (CCD) camera (Nikon DXM1200). The staining was performed in quadruplicate for each group and 10 random fields were studied in replicate. Images were captured using Nikon ACT-1 (version 1.12) software and combined for publishing format using Adobe Photoshop 6.0 software.
Determination of ROS kinetics in T cells
The kinetics of ROS metabolism in T cells was determined by measuring the intensity of the fluorescent signal from the redox-sensitive fluoroprobe 2′, 7′-dichlorofluorescein diacetate (DCFDA) at multiple time points. Briefly, cells were incubated in phenol red-free media containing 10 mM DCFDA for 30 min at 37°C. Cells were washed with phenol red-free media and treated with either vehicle or ethanol and then DCF fluorescence was detected by a Fluorescence Multi-Well Plate Reader CytoFluor 4000 (PerSeptive Biosystems) set for excitation of 485 nm and emission of 530 nm. The intensity of the fluorescent signal was calculated with Microsoft excel using equation (Husain et al. 2009 ).
Silencing of VDR
Jurkat cells were transfected with 100 nM VDR siRNA (Santa Cruz Biotechnology, Santa Cruz, CA) with Siport Neofax transfection reagent and left in optiMEM media for 24 h. Control and trransfected cells were used under control and experimental conditions. Ang II ELISA Ang II levels were determined in control and experimental cells using commercial ELISA kits (Peninsula Laboratories, Belmont, CA) as described by the manufacturer. Briefly, Ang II was extracted with 20 mM Tris buffer, pH7.4 and partially purified and concentrated after filtering through Centricon Filters (MW cut off 10,000, Millipore, Billerica, MA).
Western blotting studies T cells were lysed in RIPA buffer containing 50 mM Tris-Cl (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 % NP-40, 0.25 % Deoxycholate, 0.1 % SDS, 1X protease inhibitor cocktail I (Calbiochem, EMD Biosciences, Gibbstan, NJ), 1 mM PMSF, and 0.2 mM sodium orthovanadate. Protein concentration was measured with the Biorad Protein Assay kit (Pierce, Rockford, IL). Protein lysates (20 μg) were separated on a 15 % polyacrylamide gels (PAGE, Bio-Rad, Hercules, CA) and transferred onto a nitrocellulose membrane using Bio-Rad miniblot apparatus. Nitrocellulose membranes were then subjected to immunostaining with primary antibodies against VDR (mouse monoclonal, Santa Cruz) and Renin (rabbit polyclonal, Santa Cruz), and subsequently with horseradish peroxidase labeled appropriated secondary antibodies. The blots were developed using a chemiluminescence detection kit (PIERCE, Rockford, IL) and exposed to X-ray film (Eastman Kodak Co., Rochester, NY). Equal protein loading was confirmed by stripping the blot and reprobing it for actin protein using a polyclonal α-Actin antibody (Santa Cruz Technology, Santa Cruz, CA) on the same Western blots.
Statistical analysis
For comparison of mean values between two groups, the unpaired t test was used. To compare values between multiple groups, analysis of variance (ANOVA) was used to calculate a p-value. Statistical significance was defined as P<0.05.
Results are presented as mean ± SD

Results
Ethanol down regulates T cell VDR
To determine the effect of ethanol on T cell VDR, we evaluated dose response effect of ethanol on T cell VDR expression. T cells were incubated in variable concentrations of ethanol (0, 10, 25, and 50 mM) for 24 h. Cellular lysates were electrophoresed and probed for VDR and actin. Representative gels are shown in Fig. 1a . Ethanol down regulated VDR expression at a concentration of 25 mM and higher. Cumulative data are show in bar graphs (Fig. 1a) To determine the effect of ethanol on Jurkat cell VDR expression, Jurkat cells were incubated in media containing either buffer or ethanol (25 mM) for 24 h. Immunoblots were probed for VDR and actin. Representative gels from three different sets of experiments are shown in Fig. 1b . Ethanol down regulated Jurkat cell VDR expression. Cumulative data (n03) are shown in a bar diagram.
To determine the effect of VDR agonist (VD), Jurkat cells incubated either in buffer or ethanol + variable concentrations of EB 1089 (a VDR agonist, 0, 10, 50 nM) for 24 h. Western blots were probed for VDR and actin. Representative gels are shown (Fig. 1c ). VD at a concentration of 10 nM or higher upregulated VDR in ethanol-treated cells.
Ethanol up regulates renin angiotensin system (RAS) through down regulation of VDR
To study the effect of ethanol on T cell RAS status, T cells were incubated in media containing either buffer or variable concentrations of ethanol (0, 10, 25, and 50 mM) for 24 h. Western blots were probed for renin. The same blots were stripped and reprobed for actin. Representative gels are shown in Fig. 2a .
To determine the effect of ethanol on T cell Ang II production, T cells were incubated in serum-free media containing either buffer or ethanol (25 and 100 mM) for 24 h. Cellular lysates under control and experimental conditions were assayed for their Ang II levels by ELISA. Results (means ± SD) representing 3 sets of experiments are shown in Fig. 2b . Ethanol stimulated (P<0.01) T cell Ang II production by four-to five-fold.
Lack of VDR is critical for T cell production of Ang II To establish cause and effect relationship between lack of VDR and T cell Ang II production, cellular lysates of control T cells, T cells transfected with siRNA-VDR, and T cells transfected with scrambled siRNA(SCR-siRNA) were assayed for their Ang II content by ELISA (n04). Cumulative data showing the effect of VDR silencing on T cell Ang II production are shown in Fig. 2c . T cells lacking VDR displayed 7-fold increase in Ang II production when compared to control cells.
Ethanol stimulates T cell ROS generation
To determine the effect of ethanol on T cell ROS generation, Jurkat cells were loaded with DCFDA and then treated with ethanol (0, 25, 50, 100 mM), followed by measurement of ROS generation at the indicated time periods. Ethanol stimulated T cell ROS generation in a dose dependent manner (Fig. 3a) .
VDR down regulation is associated with T cell ROS generation
To determine role of VDR in T cell ROS generation, T cells transfected with siRNA-VDR, and scrambled siRNA (SCRsiRNA) were loaded with DCFDA, followed by indicated treatment and subsequent measurement of ROS generation at the indicated time periods. Ethanol stimulated T cell ROS generation (Fig. 3b) . T cells silenced for VDR displayed mild increase in ROS generation. Interestingly, T cells silenced for VDR and treated with ethanol displayed increased ROS generation when compared to cells treated with ethanol alone (Fig. 3b) . 
VD diminishes ethanol-induced T cell ROS generation
We hypothesized that if down regulation of VDR causing T cell ROS generation then up regulation VDR should attenuate ethanol-induced T cell ROS generation. To test our hypothesis, Jurkat cells were incubated in media containing either buffer or EB1089 (10 nM, VD) for 4 h and then loaded with DCFDA for 30 min. Subsequently, cells were treated with either vehicle or ethanol, followed by ROS generation at the indicated time periods. As shown in Fig. 3c , Ethanol stimulated (P<0.001) T cell ROS generation; however, this effect of ethanol was attenuated (P< 0.01) by VD.
RAS blockade attenuates ethanol-induced ROS generation
To determine the role of the RAS, Jurkat cells were incubated in media containing either buffer or loasartan (10 −7 M) for 4 h and then loaded with DCFDA for 30 min. Subsequently, cells were treated with either buffer or ethanol (25 mM), followed by measurement generation of ROS at the indicated time periods. Ethanol stimulated (P < 0.001) T cell ROS generation (Fig. 3d) ; however, this effect of ethanol was attenuated (P<0.01) by losartan.
VDR activation and RAS blockade inhibit ethanol-induced T cell ROS generation
To confirm a causal relationship between VDR/RAS and ethanol-induced T cell ROS generation, Jurkat cells pretreated with VD and losartan were incubated in media containing either buffer or ethanol. Subsequently, cells were colabeled with Red CC1 and Mitotracker green. Representative microphotographs are shown in Fig. 4a . Ethanol treated Jurkat cells displayed mitochondrial generation of ROS. However, both VD, and losartan attenuated ethanolinduced ROS generation.
Effect of VDR activation, RAS blockade, and antioxidants on ethanol-induced T cell double strand breaks and DNA repair
To determine the effect of VD, RAS blockade and free radical scavengers on ethanol-induced DNA damage, Jurkat cells were pretreated with either buffer, VD (EB1089, 10 nM), losartan (10 −7 M), catalase (500 U) or tempol
(1 mM, a membrane permeable superoxide scavenger) for 4 h followed by ethanol treatment for 12 h. Subsequently, control and experimental cells were co-labeled for H2AX (double strand breaks) and KU80 (NHEJ, DNA repair (Fig. 4b) . On the other hand, VD, loasartan, catalase, and tempol enhanced expression of KU80 in ethanol treated cells. These findings indicated that down regulation VDR is associated with inadequate DNA repair response, whereas the activation of VDR by VD is associated with diminished double strand breaks and enhanced DNA repair response. Since both catalase and tempol not only prevented ethanolinduced DNA damage but also enhanced DNA repair, it appears that ethanol induced DNA damage was mediated through ROS generation.
Ethanol enhances Jurkat cell apoptosis
Jurkat cells were incubated in serum free media containing either buffer or variable concentrations of ethanol (25, 50, and 100 mM) for 24 h. Subsequently, cells were prepared for TUNEL assay. Ethanol treated T cells displayed greater number of TUNEL + ve cells (Fig. 5a )
Role of VDR activation and RAS blockade on ethanol-induced T cell apoptosis
To establish a causal relationship between VDR/Ang II and induction of ethanol-induced T cell apoptosis, Jurkat cells were pretreated with either VD or losartan, followed by treatment with either buffer or ethanol. Subsequently cells were assayed for apoptosis by TUNEL assay. Representative microphotographs and cumulative data of control, ethanol, ethanol + VD-, and ethanol + Losartan-treated Jurkat cells are shown in Fig. 5b . Ethanol promoted (P<0.01) T cell apoptosis, however this effect of ethanol was inhibited by VD and losartan (Fig. 5b) . Since primary T cells are more sensitive to ethanol effects, we evaluated the effect of ethanol on freshly isolated T cells. T cells were incubated with either buffer or variable concentrations of ethanol (25, 50, and 100 mM) for 24 h and assayed for apoptosis by flow cytometry. Ethanol stimulated apoptosis in 30 to 50 % of cells (Fig. 6a) . Representative flow scans are shown as insets. Cells treated under similar conditions were also assayed by TUNEL assay. Thirty to 48 % percent of cells were TUNEL + ve after ethanol treatment (Fig. 6b) .
To determine the effect of VD and losartan on ethanol-induced T cell apoptosis, freshly isolated T cells were pretreated with either VD or losartan, followed by treatment with either buffer or ethanol. Subsequently cells were assayed for apoptosis by TUNEL assay. Ethanol stimulated apoptosis in T cells, however this effect of ethanol was inhibited both by VD and losartan (Fig. 6c) .
Discussion
In the present study, ethanol induced down regulation of T cell VDR expression; the latter led to the enhanced T cell activation of the RAS in the form of increased T cell expression of renin and increased T cell Ang II production. Since T cells silenced for VDR also displayed an increase in their Ang II content, it appeared that ethanol-induced RAS activation was mediated through down regulation of VDR. Ethanol also enhanced T cell ROS generation in a dose dependent manner. Jurkat cells silenced for VDR displayed enhanced ROS generation both under basal and ethanolstimulated states. Since both VD and losartan inhibited ethanol-induced ROS generation, it confirmed that ethanol-induced ROS production was mediated through down regulation of VDR and up regulation of the RAS. Since anti-oxidants inhibited ethanol-induced DNA damage, it suggested that ethanol-induced DNA damage was mediated through ROS generation. Both VD and LOS not only attenuated ethanol-induced DNA damage but also inhibited ethanol-induced T cell apoptosis; these findings −7 M), catalase (CAT 500 U) or tempol (TEMP, 1 mM) for 4 h. Subsequently, aliquot of ethanol was added (final concentration 25 mM) and incubation was continued for another 12 h. Subsequently, cells were co-labeled for anti-H2AX and KU80 antibodies. Representative microphotographs are shown. Control cells displayed minimal double strand breaks (green fluorescence) and DNA repair proteins (red fluorescence). Ethanol treated cells displayed enhanced numbers of double strand breaks and diminished numbers of DNA repair proteins. VD, LOS, CAT, and tempol attenuated these effects of ethanol indicated that ethanol-induced T cell apoptosis was mediated through ROS generation in response to ethanol-induced down regulation of VDR and associated activation of the RAS.
Clinical and experimental reports on alcohol-induced ROS generation in T cells are scanty (Hoch et al. 2009 ). Nonetheless, the effect of alcohol on liver cell ROS generation has been studied extensively (Knecht et al. 1995; Tsukamoto and Lu 2001; Iimuro et al. 2000; Nanji et al. 1994; Morimoto et al. 1994; Tsukamoto et al. 1995; Adachi and Ishii 2002; Bailey and Cunningham 2002) . Acute intragastric infusion of alcohol in animals resulted in enhanced lipid peroxidation, formation of the 1-hydroxyethyl radical and lipid radicals, and decrease in the hepatic antioxidant defense, particularly GSH levels (Knecht et al. 1995; Tsukamoto and Lu 2001; Iimuro et al. 2000; Nanji et al. 1994; Morimoto et al. 1994) . Moreover, severity of liver cell injury further worsened after addition of increased amount of iron (enhanced hydroxyl radical formation) in their diets (Tsukamoto et al. 1995) . On the other hand, the addition of antioxidants prevented the development of liver cell injury. In in vitro studies in liver cells, revealed enhanced ROS generation in response to alcohol and associated cellular injury; on the other hand, alcohol-induced liver cell injury could be blocked by anti-oxidants (Adachi and Ishii 2002; Bailey and Cunningham 2002) . In the present study, antioxidants also inhibited alcohol-induced T cell DNA damage. Thus, our findings are consistent with these investigators.
The electron transport chain of mitochondria is the major source of intracellular ROS in the cell (Boveris and Chance 1973; Boveris and Cadenas 1975) . We previously reported that ethanol translocated T cell mitochondrial cytochrome C to the cytosol (Kapasi et al. 2003) . In these studies ethanol not only decreased the T cell expression of Bcl-2 but also promoted the expression of Bax. Moreover, an inhibitor of caspase-9 attenuated the ethanol-induced T cell apoptosis. In the present study, ethanol-induced T cell ROS generation was also predominantly localized to mitochondria. Chiaramonte et al., evaluated direct effect of H 2 O 2 on the induction of Jurkat cells apoptosis (Chiaramonte et al. 2001 ). These investigators demonstrated that H 2 O 2 induced Jurkat cell apoptosis through down regulation of Bcl 2 . In in vivo studies, alcohol binge drinking also promoted T cell apoptosis through attenuation of T cell Bcl 2 expression and cleavage of caspase-3 as reported earlier (Kapasi et al. 2003) .
Oxidative pathway of alcohol is well characterized in liver cells (Knecht et al. 1995; Tsukamoto and Lu 2001; Iimuro et al. 2000; Nanji et al. 1994; Morimoto et al. 1994; Tsukamoto et al. 1995; Adachi and Ishii 2002; Bailey and Cunningham 2002) . Alcohol dehydrogenase, cytochrome P450 2E1 (CYP2E1) and catalase contribute to oxidative metabolism of alcohol. Usually cytosolic alcohol dehydrogenase converts ethanol to acetaldehyde by involving nicotinamide adenine dinucleotide (NAD+), which is reduced by two electrons to form NADH; however, at higher ethanol concentrations, microsomal CYP2E1 converts ethanol to acetaldehyde. Peroxisomal catalase also oxidizes alcohol to acetaldehyde in the presence of H 2 O 2 . Acetaldehyde is metabolized to acetate and NADH in mitochondria by aldehyde dehydrogenase2. However, alcoholic metabolism is not so well studied in T cells. Nonetheless, we have previously reported involvement of mitochondrial dysfunction in alcohol-induced T cell apoptosis (Kapasi et al. 2003) . Moreover, in the present study, we observed that mitochondria was the major site for ROS generation in ethanol milieu. However, in the present study we implicated Ang II for mitochondrial ROS generation in response to ethanol. Nonetheless, it did not exclude the direct effect of ethanol in mitochondrial ROS generation. Thus, it will be important to evaluate the direct effect of ethanol on T cell ROS generation in future studies. Ang II has been reported to induce mitochondrial dysregulation in heart, kidney, and vascular smooth muscle cells (de Cavanagh et al. 2003; Monteiro et al. 2005; Kimura et al. 2005) . Dysregulation of mitochondria led to enhanced production of ROS (Ide et al. 2001; Iuchi et al. 2003) . Direct effect of Ang II on isolated mitochondria and intact enodothelial cells revealed that Ang II increased mitochondrial H 2 O 2 production (Doughan et al. 2008) ; this increase was blocked by both protein kinase C inhibitor and NADPH oxidase inhibitor, and a mitochondrial ATPsensitive potassium channel inhibitor. These investigators suggested that Ang II induced mitochondrial dysfunction via protein kinase C dependent pathway by activating endothelial cell NADPH oxidase (Doughan et al. 2008 ). It will be interesting to evaluate these effects of Ang II on T cell mitochondrial functions in future studies.
Enhanced intracellular ROS generation carry a number of direct and indirect outcomes in the form of apoptosis or necrosis (Fuertesa et al. 2003) . ROS-induced protein modifications can alter either signaling pathways or cellular function or both (Lee et al. 2012) . ROS can directly modify signaling proteins through nitrosylation, carbonylation, disulphide bond formation and glutathionylation (Brigelius-Flohé and Flohé 2011) . These modifications alter a protein's activity in general and events involved in cell death particular (Suen et al. 2008) . In the present study, ROS not only directly induced DNA damage but also altered cellular signaling, which compromised DNA repair. The net outcome of these events was displayed in the form of T cell apoptosis.
Apoptosis and autophagy constitute the two processes through which unwanted cells or organelles are eliminated (Galluzzi et al. 2008; Gozuacik and Kimchi 2007; Meijer and Codogno 2004; Mizushima 2007; Baehrecke 2005) . Autophagy is a highly regulated process that is involved in the turnover of damaged proteins, whole organelles or distinct organelles (Meijer and Codogno 2004; Mizushima 2007) ; whereas, apoptosis removes damaged or unwanted cells. It appears that the same stimuli can induce either autophagy or apoptosis depending on the threshold of the stimuli (Galluzzi et al. 2008) . For an example hydrogen peroxide at lower concentrations will stimulate autophagy and at higher concentrations will induce apoptosis (Yadav et (von Haefen et al. 2011) . Theoretically, ethanol-induced ROS generation expected to stimulate autophagy so that oxidized proteins can be degraded. Nonetheless, it appears that T cells in ethanol milieu are in double jeopardy-overwhelming oxidative stress and compromised ability to degrade oxidized proteins and damage organelles, which seemed to have promoted apoptosis. Recently, VD has been reported to enhance autophagy in macrophages (Yuk et al. 2009 ), we speculate that VD induced inhibition of ethanol-induced apoptosis might have also contributed by its pro-autophagic effects. It will be worthwhile to carry out these studies in future.
In conclusion, the present study not only delineates the involved molecular mechanism in ethanol-induced T cell loss but also provides opportunities to develop therapeutic strategies to provide protection against T cell loss in ethanol milieu.
